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Abstract
In recent works, we have proposed a possible dark matter in composite messen-
ger gauge mediation models. In this paper, we discuss the details of a composite
messenger model taking a possible supersymmetry breaking scenario and show that
the correct dark matter abundance and a successful gauge mediation can be realized.
1 Introduction
The origin of dark matter (DM) in the Universe is still not identified, although there have
been accumulated numerous observations for the existence of the DM itself. Therefore,
it is the most important problem in particle physics and astrophysics to determine the
nature of the DM.
The DM must be absolutely stable or its lifetime should be much longer than the age
of the Universe. This least requirement may be satisfied if the DM is ultra light or if
the DM has a charge of some unbroken additional symmetry. The former example is the
invisible axion of mass ma = O(10−5) eV. The lifetime of the axion is proportional to m−5a
and its longevity is explained by the extremely small mass. A familiar example for the
latter case is the lightest supersymmetric (SUSY) particle (LSP) in the SUSY standard
model. In this model one may impose an R-parity conservation to guarantee the stability
of the LSP.
Besides the above two categories, we have a well-established mechanism to guarantee a
longevity of a particle, that is, the compositeness. The proton is known as a QCD bound
state of three quarks q. The lowest dimensional operators to destabilize the proton are
dimension six operators such as qqql. Those dimension six operators are suppressed by
1/M2PL, which leads naturally to the long lifetime of the proton. Here, MPL ≃ 2.4× 1018
GeV is the reduced Planck scale. It is very remarkable that the lifetime of the proton
would be longer than the age of the Universe even if the mass of the proton was at O(100)
TeV. Thus, composite baryons X of some new strong interactions below the O(100) TeV
can be interesting candidates for the DM.
Furthermore the composite baryon and anti-baryon may annihilate into mesons with
the strong interactions and the annihilation cross section may be close to the unitarity
bound. If it is the case, one may naturally explain the present energy density of the DM
for the mass of the composite baryon being O(100) TeV [1, 2].
Surprisingly, the above mass scale coincides with the mass scale of messengers in
low-scale gauge mediations. We have recently proposed a composite messenger model,
motivated by the above coincidence of two independent mass scales, the masses for DM
baryons and for the messengers [3, 4]. The low-scale gauge mediations also accommodate
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a light gravitino of mass m3/2 < O(10) eV and such a light gravitino is free from all
cosmological problems [5, 6].
The purpose of this paper is to discuss details of the composite messenger model taking
a possible SUSY breaking scenario. We find an allowed parameter range for the masses
of the composite baryon and anti-baryon together with those of the messenger composite
mesons. A detailed analysis of the model and its phenomenological consequences will be
presented in a forthcoming paper [7].
2 A composite messenger model and a composite
baryon DM
2.1 A composite messenger model
Before specifying a SUSY-breaking sector, we first discuss the composite messenger model
which is based on a confining gauge theory with a gauge group G. We introduce messen-
ger quarks Qi and anti-quarks Q¯i, both of which transform as non-trivial representations
of the gauge group G. Here, i denotes indices of the standard model (SM) gauge groups.
In this paper we consider G = SU(N) and Qi and Q¯i are 5 and 5
∗ of the GUT SU(5)GUT,
respectively. Thus, i runs from 1 to 5. The quark Qi and anti-quark Q¯i are assumed
to transform as fundamental and anti-fundamental representations of the SU(N), respec-
tively. We omit the indices of the SU(N) throughout this paper.
We have composite baryonsQiQjQk · · · and anti-baryons Q¯iQ¯jQ¯k · · · as well as mesons
such as M ij = Q
iQ¯j. Those baryons are nothing but the DM candidate. However, they
carry, in general, non-vanishing charges of the unbroken SM gauge groups, which are not
suitable for the DM in the Universe. The requirement for baryons to be neutral under
the unbroken SM gauge groups leads us to consider the case of N being a multiple of 5.
Here, we take the minimal case, that is SU(5), for the gauge group G. Then, we have a
pair of a baryon B = Q1Q2Q3Q4Q5 and an anti-baryon B¯ = Q¯1Q¯2Q¯3Q¯4Q¯5.
We now introduce a mass for the messenger quarks as
W = mQiQ¯i. (1)
The low-energy dynamics is described by the above baryons B, B¯ and the mesons M ij
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with the effective superpotential [8]
Weff = X
(
detM − B¯B − Λ10)+m trM, (2)
where X is a Lagrange’s multiplier and Λ is the dynamically generated holomorphic scale
of the gauge groupG. These hadrons are massless fields which describe the effective theory
on the moduli space of vacua in the limit m→ 0. We rescale the baryon and meson chiral
superfields so that they have canonically normalized Ka¨hler potentials. After the rescaling
we obtain
Weff =
gX
16pi2
X
(
g5M
Λ3
detM − g2BB¯B − Λ2
)
+
gM
16pi2
Λm trM, (3)
where the couplings gX , gM and gB are constants of O(4pi). Here, we have used the naive
dimensional analysis (NDA) [9]. In order to assure the analysis to be valid, we assume
that m . Λ here and after.
The above effective superpotential yields a supersymmetric vacuum as
〈gMM ij〉 = Λδij, 〈B〉 = 〈B¯〉 = 0, 〈gXX〉 = −m. (4)
Notice that the theory possesses a global SU(5)L × SU(5)R symmetry, in the limit of
m→ 0, under which the meson M ij transforms as
M →M ′ = U †LMUR, for UL,R ∈ SU(5). (5)
Then, the meson condensation 〈gMM ij〉 = Λδij spontaneously breaks the global symme-
try down to the diagonal SU(5)V , and hence the adjoint meson excitations can also be
represented as the (pseudo) Nambu–Goldstone (NG) superfields associated to the broken
symmetry, which we call SU(5)A. We will use this fact when we calculate the annihilation
cross section of the DM in subsection 2.3.
By substituting these vacuum expectation values (VEVs) in Eq. (3), we find SUSY-
invariant masses for the baryon and mesons. The baryon mass is given by
mB =
g2B
16pi2
·m. (6)
The mesons split into the SU(5)GUT-adjoint mesons and a singlet meson. The mass for
the adjoint mesons is given by
mad =
g2M
16pi2
·m. (7)
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The singlet meson mixes with the X . Their supersymmetric mass matrix is given by
1
16pi2
[ −g2M4m gXgM√5Λ
gXgM
√
5Λ 0
]
. (8)
Strictly, the SU(5)GUT group is broken down to the SM gauge group SU(3)× SU(2)×
U(1) and the messengers split into the “down-type” and “lepton-type” ones. These two
types of messengers have different masses md and mℓ, respectively. For example, if we
assume a common mass for these messengers at the GUT scale, the mass ratio md/mℓ
at the messenger mass scale is 2.5–3.5, as we see by solving the renormalization group
equations. However, this mass splitting does not alter the essential part of our discussion.
In this paper, for simplicity, we only consider the SU(5)GUT-invariant mass, md = mℓ = m,
at the messenger mass scale. We will consider effects of the mass splitting in the following
paper [7].
2.2 SUSY-breaking mass spectrum in the messenger sector
For an explicit calculation we adopt a dynamical SUSY-breaking model in ref. [10].
The SUSY-breaking effect at low energies can be represented by a singlet field S with a
superpotential interaction
W ⊃ f
3
S3 (9)
and a tachyonic mass term of S in the scalar potential
V ⊃ −µ2|S|2, (10)
which breaks the supersymmetry explicitly. In ref. [10], an explicit model which induces
µ dynamically is presented. Here, we assume that µ is induced by some unknown SUSY-
breaking sector. Due to the negative mass squared, the scalar component of S acquires a
nonzero VEV,
|〈S〉| = µ√
2|f | , (11)
which in turn results in a nonzero F -component of S:
|〈FS〉| = µ
2
2|f | . (12)
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Let us introduce a coupling of the S to the messenger quarks, that is,
Wcoupl = hSQ
iQ¯i. (13)
Notice that although we do not include an explicit mass term in the superpotential, the
nonzero vacuum expectation value of the S induces a mass m = h〈S〉.
First, we discuss the SUSY-breaking effect in the messenger sector using the quark
picture. By examining the scalar potential, we see that if |f | < |h| there is a global
minimum where 〈Q〉 = 〈Q¯〉 = 0 and the scalar- and F -component VEVs of S are given
by Eqs. (11) and (12). These nonzero VEVs induce the messengers both holomorphic
and SUSY-breaking soft masses. The condition |f | < |h| is equivalent to the stability
condition that the messenger scalars have non-tachyonic masses.
Now we discuss the SUSY-breaking effect in the effective theory. The effective theory
is described by the baryon, mesons, and light singlets including the S. In this hadron
picture, the SU(5)GUT-adjoint meson takes a role as the messenger field. The effective
superpotential is given by
Weff =
gX
16pi2
X
(
g5M
Λ3
detM − g2BB¯B − Λ2
)
+
gM
16pi2
hΛS trM +
f
3
S3, (14)
and the effect of the SUSY-breaking sector is incorporated as the negative soft mass-
squared for S in Eq. (10). The scalar potential is given by
V =
∣∣∣fS2 + gM
16pi2
hΛ trM
∣∣∣2 + ∣∣∣∣ gX16pi2
(
g5M
Λ3
detM − g2BBB¯ − Λ2
)∣∣∣∣
2
+
∣∣∣ gX
16pi2
g2BXB¯
∣∣∣2 + ∣∣∣ gX
16pi2
g2BXB
∣∣∣2
+
∑
i,j
∣∣∣∣ gX16pi2Xg
5
M
Λ3
[CofM ]ji +
gM
16pi2
hSΛδji
∣∣∣∣
2
− µ2|S|2. (15)
We first assume that 〈X〉 6= 0. Then 〈B〉 = 〈B¯〉 = 0 provided that a non-tachyonic
condition is satisfied. Then 〈X〉 is determined as
〈X〉 = − 1
gX
h
v4
〈S〉, (16)
where we assumed
〈M ij〉 = v
Λ
gM
δij . (17)
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Next, the reduced scalar potential in terms of v and S is
V (v, S) =
∣∣∣∣fS2 + 5 hΛ216pi2v
∣∣∣∣
2
+
∣∣∣ gX
16pi2
Λ2(v5 − 1)
∣∣∣2 − µ2|S|2 (18)
and it can be minimized with respect to S as
|〈S〉|2 =
∣∣∣∣ 5f hΛ
2
16pi2
v
∣∣∣∣+ µ22|f |2 . (19)
Then the resulting reduced potential for v is
V (v) =
∣∣∣ gX
16pi2
Λ2(v5 − 1)
∣∣∣2 − ∣∣∣∣5µ2f hΛ
2
16pi2
v
∣∣∣∣− µ44|f |2 . (20)
At this vacuum, we have
|FS| = µ
2
2|f | , (21)
|FX | =
∣∣∣ gX
16pi2
Λ2(v5 − 1)
∣∣∣ (22)
and a relation
hFS + gXv
4FX = 0 (23)
is satisfied. Eq. (20) shows that the reduced potential has five vacua [11] which are related
by multiplications by e2πi/5’s and one of the vacua has a real positive value of v. We further
see that this positive v satisfies v > 1 and numerical calculations show that v = O(1).
We will consider a theory around this vacuum in the following. We have a relation
|FS|2 + |FX |2 < 3m23/2M2PL, (24)
where m3/2 is the gravitino mass.
The scalar potential Eq. (15) also has a local minimum with 〈X〉 = 0. It can be shown
that if
5
∣∣∣∣ g2M16pi2hΛ
∣∣∣∣
2
− µ2 > 0 (25)
is not satisfied, the potential has a runaway solution with |S| → ∞. As long as the
condition (25) is satisfied, the minimization yields 〈S〉 = 0 for 〈X〉 = 0. We have checked
that for the parameter region we are interested in, the vacuum with 〈X〉 6= 0 is the
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global minimum. Thus, we will consider only this vacuum with 〈X〉 6= 0 in the following
discussions.
Expanding around the above VEVs, we obtain
Weff = W
(0)
eff +W
(1)
eff +W
(2)
eff +W
(3)
eff + · · · , (26)
where
W
(0)
eff =
hΛ2
16pi2
〈S〉
(
4v +
1
v4
)
+
f
3
〈S3〉, (27)
W
(1)
eff =
gX
16pi2
Λ2(v5 − 1)δX − µ
2
2|f |δS, (28)
W
(2)
eff = −
1
2
g2M
16pi2
h〈S〉
v
(
(tr[δM ])2 − tr[δMδM ]
)
+ f〈S〉δS2
+
g2B
16pi2
h〈S〉
v4
B¯B +
gXgM
16pi2
Λv4δX tr[δM ] +
gM
16pi2
hΛδS tr[δM ], (29)
W
(3)
eff =
1
2
gXg
2
M
16pi2
v3δX
(
(tr[δM ])2 − tr[δMδM ]
)
− gXg
2
B
16pi2
δXB¯B
− 1
6
g3M
16pi2
h〈S〉
v2Λ
(
(tr[δM ])3 + 2tr[(δM)3]− 3tr[δM ]tr[(δM)2]
)
+
f
3
δS3. (30)
From the effective superpotential we find the mass spectrum for the messenger mesons
and baryons. Now the supersymmetry is broken, and the nonzero F -term of the δX
produces non-holomorphic masses, which result in splittings in the scalar masses.
The fermionic baryon mass is given by
mfB =
g2B
16pi2
∣∣∣∣ hv4 〈S〉
∣∣∣∣ . (31)
The adjoint meson has a fermionic mass as
mfad =
g2M
16pi2
∣∣∣∣hv 〈S〉
∣∣∣∣ . (32)
The singlet meson, the δX , and the S mix with each other. Their fermionic masses are
given by the diagonalization of m†singletmsinglet, where
msinglet =
1
16pi2

−g2M4hv−1〈S〉 gXgM
√
5Λv4 gM
√
5hΛ
gXgM
√
5Λv4 0 0
gM
√
5hΛ 0 2f〈S〉

 . (33)
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The scalar baryon masses are given by
(msB)
2 = (mfB)
2 ±
∣∣∣∣gXg2B16pi2 FX
∣∣∣∣ , (34)
where the contribution of the second term on the right-hand side is from the nonzero
F -term of δX . The lighter scalar baryon is the DM candidate, which we will discuss in
the next subsection. The scalar masses of the adjoint meson are given by
(msad)
2 = (mfad)
2 ±
∣∣∣∣gXg2M16pi2 v3FX
∣∣∣∣ . (35)
Similarly, the scalar singlet mass term is written as
V ⊃ 1
2
[
ϕ†singlet ϕ
T
singlet
]
Rsinglet
[
ϕsinglet
ϕ∗singlet
]
(36)
and the scalar singlet mass matrix is given by
Rsinglet =
[
m
†
singletmsinglet N
†
singlet
Nsinglet m
†
singletmsinglet
]
, (37)
where
Nsinglet =

− g
2
M
16π2
4v3FX 0 0
0 0 0
0 0 −2fFS

 . (38)
In the hadron picture, the non-tachyonic conditions for the messenger hadron masses
are given by
g2M
16pi2
|〈S〉|2
|FS| >
∣∣∣v
h
∣∣∣ (39)
for the adjoint meson mass and
g2B
16pi2
|〈S〉|2
|FS| >
∣∣∣∣v4h
∣∣∣∣ (40)
for the baryon mass.
2.3 The lightest messenger baryon as the DM and its relic abun-
dance
As described in the previous sections, the messenger baryon in our model is completely
neutral under the SM gauge group. It has a long lifetime since the messenger baryon is
9
a bound state of five quarks Qi’s and we have an effective baryon number conservation
as in QCD . Therefore the messenger baryon is a good candidate for the DM in the
Universe, provided that it has a correct abundance in the present Universe. We show,
in this subsection, that with the strong interaction of the messenger gauge group the
messenger baryon indeed has the correct abundance in a certain region of the parameter
space.
Let us first derive the constraint on the mass of the dark matter baryon [1]. In general,
the unitarity limit on the S-wave annihilation cross section for the DM is given by,
σvrel ≤ 4pi
m2DMvrel
, (41)
where mDM denotes the mass of the dark matter, and vrel the relative velocity of the
dark matter at the freeze out time (typically given by, vrel ≃ 0.35). Here, we have
assumed that the annihilation process is dominated by the S-wave contribution and the
DM is a complex boson since our DM is a boson component of the messenger baryon
superfield (see Eq. (34)). The dark matter density observed by the WMAP experiment,
ΩDMh
2 = 0.1131± 0.0034 [12], requires the annihilation cross section of the dark matter
to be
σvrel = O(10−9)GeV−2. (42)
Therefore, in our DM model, the current upper bound on the mass of the DM boson is
given by,
mDM . 150TeV. (43)
The annihilation cross sections of the DM can be estimated by a ‘chiral perturbation
theory’-like method. As we mentioned below Eq. (4), the SU(5)GUT-adjoint meson can be
viewed as a (pseudo-)NG field. Although it seems unobvious in the effective superpotential
in Eq. (14), its interactions in the low energies are suppressed by derivatives. To express
this suppression explicitly, we use the NG-field representation for the SU(5)GUT-adjoint
meson in the following calculation. According to Eq. (4), the NG field is introduced as
M = exp(Π/fπ)D exp(Π/fπ), (44)
10
where D represents the field in the directions of the SU(5)GUT-singlets and the Π belongs
to the adjoint representation of the SU(5)GUT. From the normalization of the quadratic
Ka¨hler potential, the decay constants are determined to be
fπ = 4
∣∣∣∣v ΛgM
∣∣∣∣
2
. (45)
It can be easily checked that the coupling between the meson and the S field, which breaks
SU(5)A symmetry explicitly, induces the same holomorphic and non-holomorphic masses
calculated in the previous section.
Now, let us calculate the abundance of the DM baryon in terms of the NG fields. In the
above NG-field representation, the NG field disappears from the effective superpotential
except for the (explicitly) symmetry-breaking terms. Thus effective couplings between
the DM and the NG field must involve D-term interactions or symmetry-breaking terms.
More concretely, the effective Lagrangian does not contain terms such as
ϕBϕB¯(tr[ϕπϕπ])
∗, (46)
and the leading contribution comes from terms involving two derivatives such as
ϕBϕB¯(∂µϕ
†
π)(∂
µϕπ). (47)
Here, ϕB, ϕB¯, and ϕπ are the scalar components of the superfields B, B¯, and Π, By the
NDA, coefficients of these terms are estimated as
L ⊃ g
2
Bg
2
M
16pi2
1
Λ2
ϕBϕB¯(∂µϕ
†
π)(∂
µϕπ). (48)
The annihilation cross section for the DMs, ϕB and ϕB¯, is given by,
σvrel ≃ d
32pi
(
g2Bg
2
M
16pi2
)2
m2DM
Λ4
√
1− m
2
meson
m2DM
, (49)
where d is the number of the degree of freedom into which the DMs annihilate. (E.g. one
real scalar particle contributes d = 1/2.)
We also have a contribution from the explicit-breaking term. The invariant matrix
element can be calculated as
M(B + B¯ → mesons) =
∑
i : singlet
gXg
2
M
16pi2
[
m
†
singletmsinglet
4m2DM1−m†singletmsinglet
]
Xi
yi, (50)
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where yi is the Yukawa coupling between the singlet i (which label the four singlets) and
the mesons in the final state.
In Fig. 1, we show the contour plot of the DM abundance as a function of the DM
mass and Λ/mDM. Here, for simplicity, the result is given for the supersymmetric case,
following Eq. (49). We set 2gM = gB = 4pi and d = 48 in Eq. (49)
1 and neglect the meson
mass, since the meson mass is smaller than the DM mass; typically mad ≃ (gM/gB)2mDM.
Figure 1: Contour plot of the DM abundance as a function of the DM mass and Λ/mDM.
3 Composite gauge mediation
In our composite messenger gauge mediation model, the supersymmetry breaking is me-
diated dominantly by the SU(5)GUT-adjoint messenger meson when m = h〈S〉 < Λ. In
this section, we calculate the supersymmetry-breaking soft masses for the MSSM gauginos
and scalars based on the method in ref. [13].
The method of ref. [13] is to consider the effective coupling of the goldstino superfield
1
d = 48 comes from the degrees of freedom of the NG bosons and its scalar and fermionic partners. In
fact, the scalar and fermionic partners of the NG bosons interact with the DM in a different manner from
the NG bosons, which leads to the slightly different cross section from Eq. (49). However, its difference
does not change the following result essentially.
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to the MSSM fields. It is obtained by first considering the supersymmetric case and
integrating out the messenger sector, and then analytically continuating the messenger
mass to the goldstino superfield. In the present model, the goldstino field is given by a
linear combination of δS, δX and Z, where Z is some singlet field in the SUSY breaking
sector.
Let us first consider the gaugino masses. The gaugino masses are obtained by consid-
ering the effective gauge kinetic term after the integration out of the messenger sector:
L ⊃ 1
8pi
Im
[∫
d2θ τ(Φ0, Q)W
aW a
]
, (51)
where we denote the goldstino field by Φ0 and Q is the renormalization scale. In the
present model,
Φ0 ∝ gX
16pi2
Λ2(v5 − 1)δX − µ
2
2|f |δS + FZZ. (52)
Then the gaugino mass is given by
mλ(Q) = −1
2
∂log τ(Φ0, Q)
∂log Φ0
∣∣∣∣
Φ0=〈ϕ0〉
F0
〈ϕ0〉 , (53)
where ϕ0 and F0 are the scalar- and F -component of the Φ0, respectively. In our case,
however, the same result can be obtained by calculating
mλ(Q) = −1
2
∂log τ(S,Q)
∂log S
∣∣∣∣
S=〈S〉
FS
〈S〉 , (54)
because of the relations in Eqs. (16) and (23).
The effective gauge coupling τ(S,Q) is obtained by considering the threshold correction
of the adjoint messenger meson. In the SU(5)GUT-invariant case, the effective gauge
coupling in the supersymmetric limit is given by
τ(Q) = τ(QUV)− bH
2pii
log
( |mad|
QUV
)
− bL
2pii
log
(
Q
|mad|
)
, (55)
where bH and bL are the one-loop coefficients of the beta function with and without the
adjoint meson, respectively, and we have bL − bH = 5. By holomorphy, we have
τ(S,Q) =
bL − bH
2pii
log(hS) + (terms not involving S). (56)
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The gaugino mass at one-loop order is then obtained as
mλ(Q) = 5
α(Q)
4pi
FS
〈S〉 . (57)
In the case that the SU(5)GUT is spontaneously broken down to the SM gauge group, dif-
ferent mesons contribute threshold corrections to different gauge group factors. However,
even in this case the same equation holds for each factor gauge group because of the linear
dependence of the meson mass on 〈S〉.
Next, we consider the scalar masses. The scalar soft masses are obtained from the
wave-function renormalization of the MSSM matter superfield:
L ⊃
∫
d4θ Zi(Φ0,Φ
∗
0, Q)Φ
†
iΦi, (58)
where Φi is one of the MSSM matter superfield and i is an index for each irreducible
representation of the SM gauge group. Then the soft masses are calculated as
m˜2i = −
∂2logZi(Q)
∂log Φ0∂log Φ∗0
∣∣∣∣
Φ0=ϕ0
∣∣∣∣F0v0
∣∣∣∣
2
. (59)
Here, by the same reason as above, Φ0 in this expression can be replaced by S. As
discussed in ref. [13], the leading contribution can be calculated by the one-loop anoma-
lous dimension. The threshold correction of the messengers to the one-loop anomalous
dimension is
Q
d
dQ
Zi(Q) =
3∑
a=1
C ia
pi
αa, (60)
where α1, α2, α3 denote the SM gauge couplings and C
i
a is the quadratic Casimir of the
Φi for the gauge group a = 1, 2, 3. The result is
m˜2i =
3∑
a=1
2C ia
(αa
4pi
)2 ∣∣∣∣ FS〈S〉
∣∣∣∣
2
. (61)
The higher-order corrections to the leading result for the soft masses are suppressed by
factors of F/m2 or m/Λ.
MSSM Mass Spectrum
The low energy mass spectrum is almost the same as that of minimal GMSB, except for
the unknown higher F/m2 and m/Λ terms. In Fig. 2, we show some masses of MSSM
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particles. Here we have used the program SOFTSUSY [14], setting the messenger mass scale
to be 2FS/ 〈S〉 and tan β = 10. The mass of messenger itself dose not affect the MSSM
spectrum very much. We can see that FS/ 〈S〉>∼ 25 TeV must be satisfied to evade the
constraint from the collider experiments.
Figure 2: Masses of the lightest stau, neutralino, and chargino as functions of FS/ 〈S〉.
The gluino mass is about five times larger than the lightest neutralino mass.
An Example
Here, we pick out a model point which generates correct dark matter abundance and
MSSM sparticle masses. If we set Λ = 250 TeV, µ = 45 TeV, h = 0.8, f = 0.25
and gX = gB = 2gM = 4pi, we have mDM = 101 TeV and annihilation cross section
σvrel ≃ 2×10−9 GeV−2, following Eq. (49). The mass and annihilation cross section satisfy
the constraint from the unitarity bound Eq. (43). As for the MSSM mass spectrum, we
have FS/ 〈S〉 = 27 TeV, which corresponds to mτ˜ ≃ 100 GeV. This MSSM mass spectrum
is consistent with the current experimental bounds.
The mass spectrum in the messenger sector for this parametrization is illustrated in
Fig. 3.
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Figure 3: Mass spectrum of the messenger sector at the sample point. ψi and ϕi are the
singlet fermions and scalars, respectively.
4 Discussion and Conclusions
Let us discuss the decays of the messenger mesons M ij . When the SU(5)GUT group is
broken down to the SM gauge group, the mesons split into the octet (the adjoint of SU(3)),
the triplet (the adjoint of SU(2)), the hybrid (the (3, 2) representation of SU(3)×SU(2)),
and two singlets. The color octet, weak triplet and singlet mesons can decay into a pair
of gauge multiplets in the SSM and hence the decay is very fast. However, the hybrid
mesons,Md¯ℓ¯ andMℓd, decay only through non-renormalizable interactions. The dominant
interaction is given by
W =
1
m∗
QdQ¯ℓHud¯, (62)
16
where m∗ denotes some high energy scale (e.g. the Planck scale). In the effective theory
of hadrons, the interaction and the mass term for the hybrid meson are written as
W =
gM
16pi2
Λ
m∗
MdℓHud¯+mhybMdℓMd¯ℓ¯, (63)
and the decay rate is given by
Γ ≃ 1
16pi
( gM
16pi2
)2 Λ2mhyb
m2∗
. (64)
For example, if Λ = 100 TeV, mhyb = 50 TeV, and m∗ = 10
16 GeV, we have Γ ≃
(10−2 sec)−1, and hence they become cosmologically safe.
In this paper, we have discussed the possibility of the dark matter of the composite
messenger in GMSB models. We show that there is a stable composite baryon which has
proper annihilation cross section for the present dark matter abundance and the successful
gauge mediation can be achieved.
We have treated down-type and lepton-type messenger with no distinction. However,
the difference of the two types of the messengers can be important in some case [4]. We
should also mention the dark matter decay through higher dimensional operators. For a
dimension six operator, the composite dark matter can have very long but finite lifetime.
The anomalies of recent cosmic ray experiments can be explained by the dark matter
decay [4]. Detailed analysis will be done in a forthcoming paper [7].
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